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Overall Design Technology Challenges

Challenges > 22nm

Summary of Issues

Design productivity

System-level: high level of abstraction (HW/SW) functionality spec, platform-based design,
multi-processor programmability, system integration, AMS codesign and
automation

Verification: executable specification, ESL formal verification, intelligent test bench,
coverage-based verification

Logic/circuit/physical: analog circuit synthesis, multi-objective optimization
Logic/circuit/physical: SIP and 3D (TSV-based) planning and implementation flows

Heterogeneous component integration (optical, mechanical, chemical, bio, etc.)

Power consumption

Logic/circuit/physical: dynamic and static, system- and circuit-level power optimization

Manufacturability

Performance/power variability, device parameter variability, lithography limitations impact on
design, mask cost, quality of (process) models

ATE interface test (multi-Gb/s), mixed-signal test, delay BIST, test-volume-reducing DFT

Interference

Logic/circuit/physical: signal integrity analysis, EMI analysis, thermal analysis

Reliability and resilience

Logic/circuit/physical: MTTF-aware design, BISR, soft-error correction

Challenges <22nm

Summary of Issues

Design productivity

Verification: complete formal verification of designs, complete verification code reuse, complete
deployment of functional coverage

Tools specific for SOl and non-static logic, and emerging devices

Cost-driven design flow

Power consumption

Logic/circuit/physical: SOI power management

Logic/circuit/physical: Reliability and resilience- and temperature-constrained 3D physical
implementation flows

Manufacturability

Uncontrollable threshold voltage variability

Advanced analog/mixed signal DFT (digital, structural, radio), “statistical” and
yield-improvement DFT

Thermal BIST, system-level BIST

Interference

Interactions between heterogeneous components (optical, mechanical, chemical, bio, etc.)

Reliability and resilience

Autonomic computing, robust design, SW reliability and resilience

ATE—automatic test equipment BISR—built-in self repair BIST—built-in self test DFT—design for test

EMI—electromagnetic interference ESL—Electronic System-Level HW/SW—nhardware/software MTTF—mean time to failure

SOI—silicon on insulator

IR N 2 — B B

7L —TFT CMOS T A ADIEBAEI A — V2 7 1%, BT RN S r — Dl o —R~ o 7 Ll (2,
N —2 R A MBI B LTk 2 i 2 e~ 375, (1) S XTANTFINEZRITD MPU &
SOC-CP(Consumer Portable) N7 /3412, vy 7 B 36 L OMERRE /) A3 R B BB TN Uise 5 H ¢
EERER LORS L SABRED T NI IMUIRNZ LD RO BV TS, B EHINIL, fEREL THELD AT —
VRA  Fp ZORRITIOMERITROIR, (2) BAEEORNINL, FEME, IR &R
THED A AL SH D, 5T, G EEOIE T, V—7 BB L/ A R EELZ 5, ZIH0EhX
3. Fv 7 EORHRYY — A2 (FIZIX, TR TV =V DOr— R~y AL T, N 7R RERED
B N YA X&REL IR Kry 7 Zarha—/L9%), ATE(Automatic Test Equipment)ig /], J5L OV —1 1
DOFAE I T 5, 3D HMTOBELIL, TSV O ECEEZEE LN DRE ST ‘./XT,A &%
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D005, ZIHDAREIE, BWERA~DOVE —2 40 AW TEHV Z = ha— L3570 ORI, A4
IB A G LTI 7RG, 2l % By, Iy VAR T F R0 RF AV IR—R MDA —U T
& SOC LT OWTIE, KOFHNDHR 72 A R N ESREND, S ORBRREEL T, /A ADEEERR
(FRIZR— - N =T A ZRH A F Iy 7 ElIR), ZEOE SRS GH LUTFHER G2 5 ORI, (HEEED
IR Ky 7L T RELEDITRIED, ?/<4xﬁ7€'€%ﬁf\®¥ﬂ@f BRI, R ED ATV T T B
HIF IS, FEARRREEHHAR ORI, BEI O T X TOL B WT, /A RETHORE, 7
I, AT I X OVRAEY HiEEdGET %)_J:T H5,
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[X] DESN 2 The V-Cycle for Design System Architecture
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log /| Additional SW required for HW
2x/10 months
LoC SW/Chip 4
Gates/Chip
Technology capabilities
Gates/Day 2436 months

LoC/Day

HW design productivity
Filling with IP and memory

HW design productivity

- e wa ww == == | SW productivity

245 years
5 8 28 % 5 3T 8 2 2 5 5 Stme
- -
2 ® @ =) @ S =] <] ) S & gtime
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/X DESN 3 Hardware and Software Design Gaps Versus Time
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NS T T LBYFT LD, T N —2 E P HAAPEZIRDIAFLIT TR O, PIZIT, dBIEHEE
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NI a L~ LET VY (TLM) BT ORI ZE )b 57 FEARREMES BRI IEED EHLE T
720N, 2L BED SOC R TREMNIEAE RART T 3 —h_R—2THY, 514, TBENERE . [ BB .
[RAVETIE ) SO T 72 FEN TS D, s aEHEIIX, “More Moore” & “More than Moore” DFEI T, fx
KHNCAAMIRD LN R T LG AR HEO BRI T 7V r— ar BREFE OO D% E
TRl CThHAH, & DESN2 1ZIF, KL~V FHIRTT D0 AT AL~V EHOVEE BT IR 31 D FE%)
HI72 5 B Z DN T O FTT 72 HAT ER & 50D T RERO AN ARIC IS 1T D AT AL~V EREHIR T2 E
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Z DESN 2a Near-term System-Level Design Technology Requirements

#& DESN 3b Long-term System-Level Design Technology Requirements

DESNA 1%, ka9 20T DU AT e Lo« T A O A7~ 97, 3 DESN3 1%, Bl
LFRICR DXL T)D,
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/] DESN 4

System-Level Design Potential Solutions
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Z DESN 4 Correspondence Between System-Level Design Requirements and Solutions
Requirement Solution Explanation of the Correspondence
on block s level The larger and more complex the components that can be reused, the
Design block reuse ystem-level component reuse greater the expected overall design reuse
Standardized communication structures and interfaces support reuse:
On-chip network design methods IPs with standardized interfaces can be easily integrated and
exchanged, and communication structures reused
able platfor Multi-fabric implementation planning Enables integration of different fabrics on same die or in same
Available platforms (AMS, RF, MEMS, ...) package (SIP); hence, enables reduced number of platforms
. . Automated interface synthesis is one building block to an integrated
Platforms supported Automated interface synthesis 4 9 9

synthesis flow for whole platforms

Automated HW-SW codesign and
verification

Required for integrated, platform-based system development

Accuracy of high level estimates

Improved system-level power estimation
techniques

System-level power estimation needs to match progress in high-level
area and performance estimation

Chip-package codesign methods

Packaging effects, e.g., on timing, must be accounted for in
higher-level estimations

SOC reconfigurability

On-chip network design methods

To provide flexible, reconfigurable communication structures

Analog automation

Multi-fabric implementation planning
(AMS, RF, MEMS, ...)

Multi-fabric implementation planning for AMS and RF components
are a building block to analog automation

Modeling methodology, description
languages, simulation environments

Mixed-Signal/RF verification

As in digital design, verification is an increasingly critical and
time-consuming activity in the design flow

HW offérs multi-core systems that
have to be exploited by SW

Parallel Processing

Due to thermal and power limitations further performance
increases have to be realized with multi-core systems.

Reduce SW verification effort

Intelligent Testbench

SW  simulation, formal verification and automated
testbenches for SW will reduce the verification effort for
embedded software and enhance quality

Productivity increase required for
SW since SW cost >> 50% of total
system cost

Concurrent Software Infrastructure

A set of tools that allow concurrent software development
and debug

Increase SW execution

performance

Heterogeneous Parallel Processing

Parallel processing using different application-specific
processors for each of the separate functions in the system

SW Productivity increase required

Transactional Memory

A concurrency control mechanism analogous to database
transactions for controlling access to shared memory in
concurrent computing; an alternative to lock-based
synchronization

Productivity increase required for
HW/SW codesign

System Design Automation (SDA)

True system-level design including electronic hardware and
software, mechanical, bio, opto, chemical and fluids domains

Reduce verification effort

Executable Specification

Specifications written in a formal language allow
automated verification process starting early in the design
process and at high abstraction levels without the need to
code several new verification models; this enables an
integrated design flow from specification to completed
system that can be completely validated at each step

[X] DESN5 1%, WB7as AT MEEE ) D M S8 A7 DI KT HAT AL~V iREtOREE /R —
K<y CohD, ZOXD/R—E NCORTEAEIL, FEROT 7 /ay ) —RIZBUW T, VAT LARGHOKEBREIE

HI ~SHEE

(U hET~A7nUy FTCHIESID) DHEEIG 2R TOD, ZOR RIS BIIL

TATE N BRGNS L DT BB (RSN TR, 1ZEA L DUETINER LT —F 7 7F ¥~ LT

2,
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Power Minimization Poveer Winimi zation Power Minimization
2011 2013 2015
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£ DESN 5 Evolving Role of Design Phases in Overall System Power Minimization
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TATHD, FIFEHEFCIE, 72 ERBLOMEE ORI HE-SE | HARICHES NI BRI - ERR 7 R
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L) <DONRF T (T—T7TUR) THY, IEfES GREHHERAL, LAT D REERE DA M, 728 LOMHIRI(Z A
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AEPEVERB L ORRE ANT, 2013 £ TISRHlBABUTH A TN D THAD, Gt EREEMEFRIRI G2 E
[TEIREL TSI | BEAL T2 Bl b FEIZEISIL TR, 2072 2013 FDERIT red 127272,
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SOBATITHR RS AN TN D, AT IvT VG Iay =T 4 T — KA NEET AT
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ZEb, TARIARDHIEE . EOFEESRRE E0A15572500 KGD(Known-Good-Die)i% it S EE THh D,
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TR, (A1, MBI DFRY RS
AREL, [FIES, WFERR T DRI R Af 2 X DESNS (2R, s A MILL RO Tha,

1. Automated handshake logic/circuit tools (/NAR ez —Z 3Bl [ElBE D H Blgé 7> —n) — T
N D IEFID DR IEA N R T2 RIBOB(E (2

2. Synthesis and timing accounting for variability (/56 2&&ZE L 7= BLIA3I0) — T
BT HNTAN w7 XD E IR E LT B . RN ARBLR 22 7 vy & JE I 554 (a5 3
2o

3. Circuit/layout enhancement accounting for variability (/56 2&&Z L /=[G L1 70 DK E)
— NIAN I OE BB LTIHEE ) TV, KO R #E b,

4. Macro block/chip leakage analysis (/56 0&&ZEL/Z[EIBE L1 T U FDHKE) — INHREREEDE
FEEB LTV -F T DOEREE)—7 AFELY,

5. Power management analysis & logic insertion SOl SOC tools G 7 #/ID 2 BT 5L Can BEFEA
D7EDD SOIISOC fF—) — FwBRL -~ L COWEE & I DO 7D DOEA (Fi: T — 75—
TAL T Ty —T 47 R SOl Hiffia AR —h,

6. Analog synthesis (circuit/layout) (7 7228k ([El8E. L1 77F)) — ASIC A7 a7 Ea i
X, S (LA 7 T — S L2 T Wb AY Raim LA 8N EEND, v VT 777 Uy
IERRY — Vb LETHD,
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Non-static logic implementation (FEXS 71> 2 BEIC L BA > 7YX T —232) — X ATFTIvD
Bl 7 7V AET 497 =X AF Iy BB T 272D OFRE B L OW A Ak,

Cost-driven implementation flow (ZXAEE D> T7YA T —2 g2 70—) — %fﬁ’iﬁﬂ‘i@:'%l\
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WG G DOaANHEET DY — L, (V/fT'?FFa'ﬁﬁnHu N %) BLER ST,

3D system design space exploration tools. 3D S X FARFLEIEER Y —/) — HDHT TV r—
av N2 bNT-EE 3D FEHEL 2D FHEDOE HLLARIRT RENE (AN, MRE, HEE 17 L

DFRT)HIELIZY, 3D AR DM VIR L (27 Try 77— R ET DIz DY

— )L TCH D,

10. Native 3D power/thermal analyses, optimizations. 3D K77y 7 B E 77~ BHEpT, k) —

A J OV i Aa

BB I LRI
(2L BT ERE L BEES D,

Frst Year of IC Production
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(XM BERRGEHT, TV 2 — L OEEIEICE RSB E 5 2 5, TEREETH

BT, TSV ([ZBIEL 7= &R S MEB X O AN BB T e 728
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Automated handshake
logio/circuit tools

L EE SN
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e BRI e
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§P o e s AN 3R SRS 20T BT
tools

Analog synthesis
|circuit/layouth

Hon-gati ¢ logic
imp-leme ntaticn

Tl omr

[ systerer design spase

exnplomtion tools

phiadine JUeevvsrbisenmal
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Logical/Circuit/Physical Design Potential Solutions
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BORUARR R L DS EEER

FAEL, (A1, PR EH IR D ER SRR E R O RN EIfRE 2 DESNS (/R £ ERICHL T, B8
B2 — o "R T DY — VR TFELA R EL TVND,

#DESN 6

Correspondence between Logical/Circuit/Physical Requirements and Solutions

Requirement

Solution

Explanation of the Correspondence

Asynchronous global signaling

Automated handshake logic/circuit tools

Departure from fully synchronous design paradigm needed

% of a design (SOC) for power reduction, latency insensitivity,
variation-tolerance
Parameter uncertainty Synthesis and  timing  analysis | Tools that account for process uncertainty, and resulting

%-eftect (on signoff delay)

accounting for variability

parametric uncertainty, will reduce guardbanding and
increase chip yields

Simultaneous analysis objectives

Circuit/layout enhancement accounting
for variability

Optimizations which consider parametric uncertainty

Simultaneous analysis objectives

Power management analysis and logic
insertion SOI SOC tools

Requires budgeting of area/power/timing constraints

Simultaneous analysis objectives

Cost-driven implementation flow

Cost is an engineering parameter that affects turnaround
times. Silicon cost no longer dominant; test and
manufacturing costs increase emphasis on adaptive,
self-repairing circuits

Circuit families
# of circuit families in a single
design

Non-static logic implementation

Non-static implementations help improving different chip
parameters

Synthesized analog content

Analog synthesis (circuit/layout)

Allows for larger portions of a chip to be analog

Full-chip leakage

Macro block/chip leakage analysis

Enables accurate leakage predictions

% Native 3D design tech in flow

3D design space exploration tools

Enables correct choice of 2D vs. 3D, and 3D granularity

% Native 3D design tech in flow

Native 3D power/thermal analyses,
optimizations

Required for co-optimization of reliability and

manufacturability along with performance and power
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Z DESN 8 Verification Strategy Planning
Optimized verification planning
1. Verification strategy is decided ad hoc, based on experiences, skills, and risk aversion of
verification engineers
Current Practice (2011) 2. Increasing shift towards assertions, which enables use of formal verification techniques
3. Virtual Prototyping is increasingly used for system verification, facilitating accelerated
software development
Verification strategy depends on individual experience and skills; there are no criteria or
FProblem Statement systematic flows to develop it
. . Dependence on verification engineers’ skills and lack of criteria cause variation in design
Difficulties quality
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Short Term Solution Internal standardization as verification methodology is unified to UVM from OVM/VMM
1. Develop criteria of verification strategy for QCD
Long Term Solution 2. Promote platform-based design development and bring up verification methodology with

UVM as the mainstream, to create designs of the same quality at high level

Development of expert human resource for verification

1. Few engineers can develop UVM verification environment
2. Many engineers can use assertions for dynamic simulation, but formal verification is too

Current Status (2011) difficult for most engineers
3. Training of verification engineers is local, and not methodical
1. Need new skills for new methodologies such as formal verification

FProblem Statement 2. Few engineers can handle many kinds of verification methodologies

Diffculties Few skilled persons in verification causes increased TAT and declining design quality

Short Term Solution Implemgnt human resources programs for verification, e.g., promoting guidelines for TP
verification

. A system for developing verification engineers, understanding how different kinds of skills are
Long Term Solution

learned, and how to measure skills

RETHREED IR IR
DESN7 (X2 N FE TR A= MR~ B E/ 2R A | 2 ORI ATRERE L LB I E 2O TN,

Frst Year of IC Production 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026

Verification methodology
centered on verification IPs and

Hierarchical hardware
verification methodology

Solutions for the integrated
verification of hardware and

Design develpment and
structure, taking into account for

Simulation and verification
solutions for the detection and

Reusable methodologies for
functional coverage

Concurrent verification of
hardware and software

Design specification formalized
for verifiability [4]

Verification of analog and
mixed signal designs

Incremental verification

Verification strategy planning

Research Required
Development Underway
Qualification / Pre-Production
Continuous Improvement

] DESN 7 Design Verification Potential Solutions

[X] DESNT D78
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Z& DESN 9 Correspondence Between Design Verification Requirements and Solutions
Requirement Solution Explanation of the Correspondence
Verification = methodology  centered on | Verification IPs and reuse reduce the amount of new

verification IPs and reuse verification development required in a project

Productivity of verification
tasks

Hierarchical hardware verification

Structured methodologies improve team

productivity

design

Reusable methodologies for functional

coverage development

Functional coverage is time-consuming, and specific for
each distinct design; development of reusability
techniques is critical to boosting productivity

Concurrent verification of hardware and
software components during development

Advancing the verification of hardware in parallel with
that of software components can significantly shorten
time-to-market of a product, in contrast to
methodologies that begin software verification only after
the first hardware prototype

system-level verification

Hierarchical hardware verification | Enables the decomposition of the system into smaller
. methodology blocks which are suitable for formal verification
Formal and semi-formal
verification centered Design for verifiability organizes a design so as to
methodology Design development and structure taking | simplify verification; additional verification-specific
into account verifiability hardware structures further simplify design-time
verification tasks
Verification = methodology  centered on | Verification IP components enable an early start on
Methodologies for verification IPs and reuse system-level verification

Integrated verification of hardware and
embedded software and their interface

Directly provides solutions for effective system-level
verification

Portion of design
specification formalized for
verifiability

Design specification formalized for

verifiability

Formal languages and methodologies to support the
formal specification of a design
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Requirement Solution FExplanation of the Correspondence
Development of hardware structures (checker-like)
Design structure taking into account | which can be used to detect and correct a system
Escape rate after tapeout o . .
verifiability entering an escaped erroneous configuration after

customer shipment

System integration bug rate

Analog and mixed-signal verification

Limits the bug rate due to analog effects

Simulation and verification solutions for the
detection and correction of soft failures and
manufacturing faults

Manufacturing faults occurring in post-silicon are
detected at system-level integration; techniques to
detect and correct electrical and transient defects reduce
the effort required to expose and correct these problems

Hierarchical verification methodology

Supports management  of
decomposition

complexity  through

Functional coverage

Reusable methodologies for functional

coverage development

Reusable functional coverage solutions leverage the
coverage development effort and boost quality of results

Incremental verification

Tools and techniques for determination of
redundancy in verification

Such tools and techniques will allow for elimination of
redundancy from re-verification efforts

Concrete decision making criteria, common

A clear decision making process within the framework

Verification strategy L. .o . . of a common platform with uniformity in skill level of
. platform, specialized training for verification . . - .
planning L engineers will facilitate successful execution of

discipline . .
verification strategy
— L=
7 Xanﬂ‘

F oA=L TR, T ET R ey VB T as T 44UV -RE IRIEDRIE, ELTE
B CHERLES N SOC, 3D & A -3y /r— SIP 1IN #2758 % DFT (Design for Test) [ZEL S5, T
ARPEZEIT, VR —F b e R—= A FHTHE AT DN T AN RS, FEFICENEREZR T e/ RF T A
TLDTDD /AR T, WEE NN LRI RHE L T iU b, Znbm <o
TANEBEIL, BB DI/ T AZE VT 4% 8L, DFT Z AN GBI RO C&ES, &
DIZ, FIRHTHE R D00 | 1 THEEOT AMRRENSLELL 72D | SBITRETET ANDO— MRS EE 25T
bbb, i — A — P EEGE, T CRREHRAEICRB I DR E OFE R BRGH7a—, Ry 74— #hEE
TV ) 13T ARRGHI B W T A SIS, AEY, DSP, PE, SOC, 7 ul/ Iy ARV 7} IVIRF, %
LT MPU LW 7akf & 2l i 7 A hOFRFER B2 T 70T ARO R, > F0 A4 F >~ DFT, BIST
(Built-In-Self-Test) , 7 AXE 4T 1 DYLGE, 72BONTRBBAFE OGBSI T, BPEH T ANEEDOFTHE
HATRRE L EET D,

DFT ~DHEATEEREZ DORIFIFARIL, S REL TOD YTV AT LAORHBIC L > TRELE 5,
263057, SOCH SIPHZ2WRLET AN T D7 5 _XMEREZ R LS TICT ANATREE T D720 AT A
L UL THA LT U B0, ZOHITIE, AT LARIA N @D 7L — 20U —27 U TRV, DFT ~
DFANTELR LR R A Fed 5,

7% DESNO [F5 IR TN HE DL B DD F BT AT AR TA/NTHLT Fal Ry AR 7 VIRF RS
A/, MPU/PE/DSP RZA /X, ATURT A3 LA SOCISIP K7A /3, Z L CEGHEMS AT LR T A /3~D
DFT ~OHEATERZERIL TD, U INEIERE | 0T 7 ) U | D 5788770 7 P H VR OFE T
AR RS B E TN ERENDE M T VXN T SAATIIREERE NSO D, ZNHHEET L
81T 5 BAEER HEIE, 2% DESNO [Z7RL TVl

Z DESN 10 Design for Test Technology Requirements

TIFallSy AN F/URF S XAFARGAN — TIhul Iy ARY IV RF YT VAT AL, 3

K= RD N0 AL —REEBIT, AT RO IO VJER SO T AR T —F T I F Y DVERE/RE DU AT
APEREL LU CHEHEIT/RS>TRTWA, 4 H . 2E74UT 5GHz #4825 RF OFHANCEIL T2 REIC B LT
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WD, A BT ITRRICEDEFHILDTZOIZT ==/ L~ LT 5GHz #2557 AN IEREICATODITIER
(ZHELN, o — U OT ANTH @B BT AN EE 72> TEY, 10-300GHz O & DIy 7 AR Y
T F IR EARAIAS DAL FET ANEE T T ANB L O v T/ 4T A A CELI TR BIELH B L
72T BT, FIRES, HLW /0 7'ahab 28 AL T, 3 GHz LU PIZETHRIE T 2B 05, Zi
HD N0 AX —AEEH THODHI2HTIT, EFEFIHEHMETH D, TR, V—ADFRIW, 8, [0
DEIEN, Gbit/lsDOL —RTLA% ., Vdd D 110 DL~V TEENLEE T 5, (kD ATE Lo R—R kT
ARV =L GHz DL TOHGAD vy 7 _—2ADT AR 110 FHUITTHERSN QD LT=id->TC,
VO REERE N 7 aha L d | B EHRREE RSB COT AND M 5 C, ATE 35, (L X7 2—AN—RT =T |
TAN Ty N E OB MEH S AMIZ ROFEEA KT T, ZOZARIE, FRT WO ITxL T, SR 3
ROBABHFEET 7 EOT ANATREMOIGHZ R T 812725,

“hbo7TFuls, ‘:wzk‘y&“%v\ RF #7327 WK% DFT SARIITERITIFZE, BAFSH ToT
~<7T‘3?>Z>75§EEIJJOD71 (ZiE, 20> DFT Hiffiid, st TEZHIRL . /A XERELFRIC IO\ SR A U4
H78 Tﬁafocﬁﬁ'<0§<@7 DHNVAIEEE T RETHD, ZNHD DFT Fikafio7- 5 Rid, Znn
Pass/Fall AT 4r—2ThH>Th, /NTAN IR RIE TH> T, AFEMEEREHE O T ANEEST 5T
(2 B2 AR R — 2D T AN TFEE O L BH#EE B LB 55,

Tl Iy AR IV RF OERFMEL, FHER R OERCEEREIZE D, /ST AN w722 BERIZ X
DESIZEHE IR TUND, 73T AR /&f;F%E (2R D EFERZRERARIZ X, I35 E AR S ALk
FEET /L, RO 7N, /A RCFHESNAMERRME (VnAN—2 | FR /A RX) | TR X652
Wi EMERE D, HFEE T /UL, TR ATRE CTHIUTH T, KT T L EMERRZ BEAHT 03 ST
WRIT U D720 ZHUCE S TR LN, KA O UITIHE TELIDICEGETE, £
TRV EUETED, Ty TANRE (T Iy O H AT AN &) OT AMEEZ FHIILS DB ROH
DNTA—E L BT HZEN O TEETHD, Z<OT F a7 gL, K, EE, 7= — X728 Oiif i
D78 A28 AFROFPHDIZ AT ZEI2E>TRY, ZIEDIEH DRI ENDLAEL TWD, 2
TR T Iy OMET L —T 4 7 T ANMERD T D OMBEET VS B Lie D, 7Fal Iy I AR
U7 F IV RF Of%EHFTIE, #fE s 2ab— 2 a OF R 2/ IMEL ., RIFRZE OS2 — T al b
éf%’ﬁ#ﬁ‘é EDA YV— LA BUETHD, 7l OMEET VET v ADRMWEET Vel L3Ik

(CREEZA3, SOC X2 SIP _LiZ7nmy Iy ARY 7 )V, RF W7 U AT L LTk 80 7-90
G TR EICEHERZEThHD,

ZNDDOERIZ T AR R, T VAT DO TS5, 7uls Iy AR 7))V RF @
DFT ORBEEMERS D202, ERERFTHA 27 7 a—F PNERIN TE T, b0 L, BilzE
PLL, ¥y #—BIST, 2L/ X—%—BIST, h72 3 —/3—DFT 72E DR EDRHERIZT 4 —H AT DHHD0
%2\, DFT O AT DYV AT Lkt e T AN R b SN D IR D& A2 D T, 7
0 Iy I ARV 7SV RE O DFT FEO—ARIUITHIFFH UL S TRV, 3T DFT FEIZIE
OGN FEEILRERED, VAT DL~V ORI EL QUM LB TH D, TXTOT VX)L DFT Fik
WL ELTHY BEINESTHY, A>T T —a NESTHY, ZL T CAD Y —/LDBIFRCH R —MZ
FLDBARNE S ThH DT | iR EL TALEHISNGLT D TH A, BIfED DFT FE T, EEHRET AL
ENT AN T« FANNEFTHDLN, ZNHDT ARED BV RENIUE, AT 7T ¥ — 1 RX—AD
DFT 5% DRI L7025, ANT VT Y —~_—Z DFT FIERAKBEINTHFRI2RA L NI K el bk
IZOWTDIVIENEIENESNDLZEICHY , 2L > TIWEMEL I AMIHE D E DY 2T A Thich
HEEe 2 BHEDERSID,

—0 DFT fRISEIT. av B a—HLiBEE T — AL AT A T AHAE DS S A L AGA T et LU
M, A F 7 DFT 7V AT L THHHIEEEBE DT DEEREE DT /S —Z i 4528 ThD, T4
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VEZHVT PRI ST ANREEE DA DMERE( LA, T AR T 72 AD RBEIT N B 138
WSHDH, —FHTlE, Fy7mfd, HEET), /AR, BIBARIZIBITDIENNART72E DR ST A—2ED
EH O —RA TN ET D, 70y v T AR 7 GV RF O DFT ~O MR A AR -9 D121, Al
TEMIIR R IR LS AT DGR GBS T AR T =% T 7 MIW=21E 8 b e W EE NSNS, Zhb
D DFT iR, IR AT e A T T =2 aNZBTD, T as | IyJ ARV 70 RF DT ANA
RV R 75 RET DI, FFEEAFT A 7 TR ST T b7,

MPU/PE/DSP > X7 ARZA2N — ITHED GHz O a7 JEH L0 T4 DFT X° BIST Th/3—&h
PR 72T ANEN I CETOD LIV Z, ZHHDY AT LRTA /3% DFT <° BIST, %72 IDDX D X572
FIEIZOWTIRREAL TWVD, Do X —oN A A R T D B vy 7 COT ARNDIREIL, JeiRo
VI AR LT FNIRNL RF OERIRBEO L L TEE LSS, Bk at OBl bid, MPU/PE/DSP/
AEY VAT ARTA NI HERIL B SHEESICTRY, 5 10 RIS OFUEN DFT & ATE O23=
=T AL TSRSV CTE T, RO BB 2Dl TR WT VXL DFT AL — V% Gie E R
7RERIE, EVVIA Y DFT 220 LA KRR DFT FEO T U e b7y, ZOE /LA DFT I, [EA
D7y OIRE, BXEHDOAZ AV N—REEE, V7 Mg, 73T AN 7 iR L e ik D X5 72 K5 E
D BRI L CRIASELLAGD, WAL — V2 E KUGET DUEDHD, T AT H I /XTA—=HD D
DOPNTIRIEEVHE T 1 THY, ZO/\FGA—=F DT ANFEZW R T 572012, DFT & BIST OUGENEE TH
%o WBE, Kh, T AN RERTA—HDJRFPHICIED 1S — D DT =S T I 32RR7: DFT X° BIST O
FIEITHAIAT Z ENEEE T, R HIEL 2D\ T AN 7B F M ELR NE= Y 7 SR T AUE7s
B2V, BIWEBRBEDO T, A TA TN U 7 TAL DAL —VDF=HI 71, AREEDSHH 7
VAT LOMIEETRILTED SBELTZ0 T DDICARE e B RT- L, Z AU KD BEOEE D R REC 5
ITRIREZR D, B FE MR T A B I T U AT DD 78T AN o 72 L A AR LS R ez g+ 57
DI, 74—V T NCEEKRER A5 DFT FENERSN TS, FaBils A7 LD D DFT &
BIST 7L — AU —2 DA i7eT — WE S E T/ AU 7eb720,

~ILF 3T MPU T A ARELE DT Zfioar s a—< HF 7O HBUCEY | T AN &2 A N YT
T HIOIZ BTz a7 o iE Dz L b T AN TED DFT MBI L 72> CND, FEEERFO RN —R A7
(ST, BRI B AL A M2 DT O BEELDONAR (RS H—R « 7 A X) ZAEI R E L B EEINHTH
A9, ATV R T ANFE CHEITE RO/ WIS T —ZERGORE R EL T a— VRS a0
Tl BBEARHT ORE RO IEMEZLALE RSNV AL/ B7e 0,

T TORIANIHEEINDL ZL DOFGEL AT AT TR R FEL TS, RS COHRREET,
Ty LSOV OFFRKIVE | T LAYV AT ALV ORI ~DER THDH, Fik THRELIZIONC, T4
DB AT WNOMEREI B D LI DIV T 4 T VIR T A—2 (BAE, 1B, Vv X —, BEIRERY)
%, RIZNTHERN R DFT OfRIRE RO TND, ZNHD/RTG AL XTI 8T8 —ar T AN Bpe il
1ET ARO[ T THRIET DI, TANIROE DFT <0 BIST OFENIEFICLEND, HESNIzFv
V7V —ay HEEEREA TR T D IO MRRIR DS, BV AT LD G ET ANT —% T 7 F ¢ O ERITHR
D TEERLOLELTHNLEAD, 4 HOEFLOD DFT/BIST Fike . HLWT VXL DT A—H LD
DFT/BIST DOli fzfioT, A7 AT ANDEKEIHE L, MOl 2 2 FEA A INIIEHT5ZE T, v A
T LRRIZESHEG LI DFTBIST O7 —X% 7 7F ¥ ZA/E0_EIF 720 1UIeblan, D1 IE T AN —
XTI F RN T AN AL, T ANEE T AT —Z BB T, BV AT 1o 7 AR FATRHENIZ [
EEEZLAH T, UL DFT/BIST OAFIEZRU L E12705,

REY ZRFARGAN — HEOBRBIEATY T 0yl 372727 ANO AL TWODH LN, A
Y VAT LRTA/NT DFT, BIST £/ZBRAVe T ANTHEIZBL T, SHITHEAL T D, ZHHODHTT- 72
T AN, B Z AT LNEED AT =X U —=RIZA LT 7R AR RO R LEMEL E FRIROIy 7 AR
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T FNDTANERO RO —HEL TERE T HIEL TELN, ABVOHUWLNAE RO T, SOC IZHE
BINTL L TOZBESN T RS 72> TD, AERURRETOBLEOIL, 7 AND—FHE /R FRITHEY
DEETHD, LR TT 4=V T MBERTIER G FIED, 20T AN MBI W TIEIER
ICREREBE L CTETe, ARV Ty OV AXDERT DI SAEV ORI, #Y)7e AE) 2L 0%
72T T HARDFEFAN TO AT DX AIL 7 HREA TFE T 2L91270 5 TD, T7ebh | HREVUGED
726>® DFT 1%, PRI SV E L AT T 1 7 DA AL T HERED Mnf i A 1= T X7 FIEA TR L2 0T
ANV AN

BEITRE S I /E—#R597SOC $°SIP g7+ — BEXETY vy ra K7 AR BITHEL TWLZET,
ENHOT vy 7N (T _XTOGRET oy 7 E)y) ThoT=E L TH, MIBE B T M OB K A%
Y — v DFT, 2L CRLERF T ANCH 25T, T FT, SERFHEORIE Y vy 7 B AESILo 255,
7 1y SRAM 2L C DRAM [T ClEdHlL TRESNCEL, S B TiETas Iy ARV
F IV, RF, FI-ARFER T T 2B 1y 70 RAN SfLAGDHIN TR WS, =a—F)L-Tayy
Z AW A THGEANTZ=2—F VO 7 v ANH DT 0T AMIESR D EA L T-5L TVnD, A
NI=T NRARZDNTD, VAL ANT IR TR FTHETH D, L L72nG, S#shiz7 oy
LT NSARFEIENRZ THHIET, T ANATREMERRR FHRGE, T BUEREFT ANMIRIL T, #LL BTl
RAJREZRIARDIE R ZH 7250 TVD, KRG 1y 7L L TlLA #fiSiTund ASIC X° MPU <71
TlE, ZORIEITEEICBEAE L L TRY, EEERGEROT ARDOI ARV a aAb ez TWD, DFT 2o
TEZ, ZDOAANIFIELLEIC2D, ZOHITHR~% DFT/BIST Z3RIL, JiAT73 5 =DDY AT LRTA/NRT
HR—=ENT=T Ty 7L LD DFT O HRHFHHED TIHRWI L%, 2 THFAL TR &7, VAT ADH]
PAICHERENIZ DFT Biske, ZNOMRREEIL, DFT/BIST ORI AT 7 AL R 20— 7 Dff
AL ZR2T TR0, Ty L LTI NN—TE20, 2NV LIT R S5 T AMERER & A T2
HOTRFIUTRBIR,

VAT LDLYLTIE, DFT 13F v 7 EOZF L T AT LANDO T ANVERRET ANT PV —ar O FiEx
FEUEL | ZHUTE S TT AN ESMNTE ATE 2 >727 ANRY 22— AO B AL 72 U257, T AR
AR OEFAN—RT =T LA TL T VTR LL, T AR T 7B ADOLEMEZHEL . DFT FEOHERETH
HYAT DL~ TO BIST ~ORJEREZRMET 5, 7/ Iy VAR 7 F /L RF 7227 LD
DFT HAROSE LN, TANERET 7V r—a ERIL, VAT LT ANDERERIZ AL — R TR A SR
TAURZRB720, DFT 12X TSNS R (WL OO FERED N — R i e 22 OFEEAD /3T AN 7
FE) 1%, BV UGEE 2 A LY —~—Ary N RGO 72D 1S - 1T R AN D HN D& TH D,
L7e3o T DFT LV AT AGREIAYRaUE, DFT &L CTOBEMREZTRIEL 720 U7 ban, ShIT
7a—/L Tk )R972 DFT O, AROGETCOFHET 4 —R Sy 728l TOFX ¥ 7L — a4
REICH D, Ta BRI DERT NARDARFZEEMEIIKIL TU T, VAT AMEREEFIET D701, RFHE I
FoTEHASN T DZLDF YT L —a FEX, DFT FEEAREIZE e DLl CRI—HTE5,
VAT XXV T L —arOARa LT DFT 23528 T, BB D EEGT &7 AR B 7oE A AL
HINTIRBZEIMEES D, AL TA DRNE, 74— IVRYT  MEREIR FOEEZRE 1L, EH)7: DFT A
VRN IS TR AR e D AR 72 MERE B R TH D,

HUIAADT 177D F AN, HAAEI TR B2 OF AN THAEOI R 7 X N
BARETR, ATY, BV vy TRy Iy IARS T S RF 0% 2 Tk 57 ANk, ATE, A7
T—ait ME ORE( DT DRI B AAXA N T LS TEY AL TT AN TS84T
(3, EOLTEAT ANV IMERES DT ED BB, DFT 1T A LIS B D2 ARG LeW G O ALY E<
BRI, FANIANI L Th BB S ETh2,

DFT A ~DFk & IR EIZLY, T 7 HfE, 7 ANEB IO O BLE., &1, /SR, 15 5 ERE D
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AT IANINMIFELUT, DFT 13480300 D LW OR8N Ao T, 7 mr Iy ARY 7)1 RF Ll
ERDT AV BT VAT M SOC X SIP ITHATHIET, U—JEISC, /AR, /—ROAR7eED
DFT [ZEo> TE=A—SNONEH L VAN AL D, S RIEOBR I /A R0 E DOV AT T
— U AND DFT ORENT, EE&ILSN T PRISNZRT T B0, SIS T, A SiH &
DFT FEOFHOF|RETANDFE DAL T 4 TED, DFT FEIL, SOIREED ) —RDE=H) 7R
A2 7 ANRE SR D RARD (BT, s R0/ ST AN V5 HAD IZHIE ST 2B B D,

DFT O KO EE T, TANEET AR ANDARIHIZH D, 2D DFT O EEkIE, SOC/SIP DL ~)L THGEX
NHRETHD, LVIDIIZDOL YL TT AMNEET AR ARNF-ENE ZLTESICHATEXDNSTH
DHOT AN EHEO BEAEIL, > AT LANOEED T 0y 712k 5T AT AN Tl ks
AT Dl N— BT ANELT AN Ch D, 7 AMFHIRT AR ANT, ATE EIEFIZHRBIEL TD,
EVIDIE DFT R° BIST 36> Th, 7235 ATE 37 AN TILEEREEIZFF>THDNETHD, £ix 72 DFT
FiEE ATE LORIDALZT 2 — A TEBAETERLRIT UGN, ZAUTL > TEA OO T ANNEL
KIDH/eo7 DFT & ATE DIEREFAEDOED B HENTFESND, T AN 7 EAR—MOZDMOT A
MR DOIENETH S IEEE1149.1(IEEE Standard Test Access Port and Boundary-Scan Architecture), 1149.4, 1450(1EEE
P1450.6, Draft Standard for Standard Test Interface Language(STIL) for Digital Test Vector Data—Core Test Language),
1500(IEEE Std 1500-2005, IEEE Standard Testability Method for Embedded Core-based Integrated Circuits.) 23§ <41 C
WHEITN R JREIIE S AT DLAY (EWEBRRIZRL AT | 7 —ZBIE DL AV E) ITHLRS - aFER) e
DFT/ATE A2 827 =— A7 Bh)VISHILSNDRETH D, TN TENL DFT FIEOHBRE ATE O FlHE
M7 WIETELI01275,

SOC/SIP @ DFT/BIST OA{RRIZ2 3Rk AR RIS B4, FEFITE A=A TE LRI T T
VW5, SOCRCSIP DHIDT 7 /a0, H7 VAT LD GHTED SRR, T ANERY —/L & DFT/BIST >/
— VT AL NVT ANFE (BB, KiE, ST AN 7 _R—R) L7 as | Iy J AR 7SV RF T AN
(BERE, /NT AR 7 _R—2 FERBIZITEE, KEN—2) BSHESNAHZ LA ERL TUVD,

ZOFRIRIL, VAT DML | BEF T A AL —~—r b, ELTEIROT AN ANARI T 57280
(2, AT ANT T =0 7 DY — )L LS TRAFES AV AT B720 N, WIDNRDMEE DL~ LT | 2053
B2 AT MR D SR ETE I Z e T LSS HAfED®H S DFT/BIST ZHRHEL 2T LIE7eb7en L, 5%
FFOEATIZIE U TR FHE Off 4 IR INER A SV U b7e, ERE7e R R T BRI, XRTE
T ANDWS Ol b B RIS TRITIUTR D720,

RS R 2l —2a BT LEY — UL, TRCORGETAND T T = T ICNETHHDTHY ., 7
ANIY 2= ar D5y CrRTFIUTIRDIR, R, AT LMEREICBE 5 DFT/BIST D584 RiEL D2 L
IZBWTEITHD, v Iab—Tay— U, &0 TP R~ L ~L (B, B, AT TN 21T
T HIZLT=H3>C, DFT/BIST D280 REFD 242U . Tz, fiehii 47 DFT/BIST O AR T
LI L U272, BARZ U CORNRIEIRIL, S AT LT RET AL —2 (i, ~NTAN w7
BERE. 72V LT ZENL O A A DY) THD, TAUL, DFTBIST O—#E L TRIHSNDRETHY, TARD
M EBNMED B DM FIZB W TEBIIISND RETHD, A TA TH AL — VBB CEDEREITIE R 1258L
KOO TEY, BAEANITREE SVE DO #E% /R T DR D R MO FHI BRI 23 C&E 559
IR IR = DFEEF DT LY XL BZ ST HUE R 570,

AT LRIRIZ & 5 DFT/BIST RO T, FebigmmOWINI /2D DITHEFHT, F> 7 > DFT/BIST #iE
& ATE DDA AT 22— ATdHD, DT ANT TRV D7 THT AV XNV AT AFIZIIAFEL T
LU I CIEIIY I AR T T )« AT BTV THIFAEL TS, Ll SOC/SIP O RIRIZIEDL A 57 =
— ADFERET BARTIIREL TOD, TARN VY — 2D 3 E FIETER P TREER->TNDIED,
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DFT/BIST & ATE DDA L 57 =—A[F 7 ZEFSIV TR ST FREROFRRRIZIB W TIE, LR D
TOOEBE/LBEMIIEL T, ZOAHT 2— ADEFRE R IATUETR B0, — Ok, i TR ERR
28T, VAT LT ANIEIT Dk 4 72 ATE O AT H2S ATREIZ /D2 8, & — DI, Fik7pA
HT 2= ADEEIE ST, EF VAT LORFHET ANT =% T 7 F ¥ OHIKIDFHEN L ETHD,

BISEEE AT LSRN TAN — ST 7 /ay ) —RICBI D 2T A ATB O TUL, VAT L
FED I T2 BT RGNS D726, FRLOFEAKIE 53T, N—A L DI 7 Eflizs FiEzZ VT, 4
PEIRFT ANCIIMRH CEARWBTEXRBEAS, 7/ A ADE IR FR IS hifs %5 | St J TREMD D, 2D, 7
AN, AEFERFT ARND, AT Ml IR RO RRET DT AN, YERET DI B, ZhE, VAT LA
AFT AL (in-system test) SRS,

VAT DHIIAIT AN, VAT LORENRFEI TS vy M ARSI THAI D, FATHICH TS
NAHTHA) (BIZIE, LRHIC 1B, BRUBOT ANESFHAT), By 72 BIST X0, VA7 A CPU THITT5
V7 7= TIZED H BT AN IS 7 T M TEMERSIA Th A58, il Y 2 2 BN 20055038
%o ZD BIST [BIE&IL, W OEPERFT AN THT AN AT 7=\ S IA, BERR RS, 7= AL —
7E—RNIZBATLIED, TUREIEZ W TT 7 ETEELIEDT 57 SAZRBINDDH LALR N, ZHUSD R
I, B S IR EEE AR TR (S QOB BRI FARIcbIERESN S TH A,

3DIC — 3DIC HAFDFEAIL, DFT IZHIT DA 2T Lo P ek, BN, Ty 7357 AR5, 14
T2 e IERBID [REFRFEO T 7T R RO SR EOMEL 2D Th A0, D728, FalEhi
IZEB AT F 7 (a known good die) 123517 2 ERRHEI - SERIFE S D FEhiS e Bik705, 3D FEETIX, 2
DIBINT AN TFRZIT HIANEHINE T D7D OISR DB T D, X T, FEERERIZIBWT, TSV S E
DMK E D720, TSVHIEBRNCT ANTDUENEL S THA), THRMNERSNDE LIV, (K2 AR
7a—7 F721L BISI FHENERENHTHA),

RER S LR (Design For Manufacturability (DFM))

IZHDEXOEKIZH, AT AARNET =X EOBIE, Z LIV 7 T7 435 E ORI NN EFER] I O S
SPECOERRGHEEA S SEIL T,
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2) FREHORRNTING  SOICEHRMIHER O @\ i b~ O R
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DEDOERIL, TR BEADF YT I EZTARXTOREIIeA a2 1@ COYIAD 53R FIEEFES DL T
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4; LT BLIENNEELR D, TATFVDOHEOET VT, T aBADNLE BTSSR PE SIS0 AE
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Z DESN 11 Design for Manufacturability Technology Requirements
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REDIZHLDEERIRIN U ROWFHDFELL TO) F/NAXDAEY T /3 ZF L O A X DFHEE T
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© EHATRT BRI AR BV TCHE L0 D T A ADBEFEWEER 5 /A R, Ziudsavhs

AR BIAR ToH BNTVTTT JA X505,

SBOT Y /BT HINGDBRGU L5 O T E 57201, KEDRKEH TWG | isﬁ*”ﬁ@%ﬂ%
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BB DIEH XA FAED D, &SI B TS M9 5 5 UE1 T, RO THD,

1. SRAM By ML Tl 2 D B ot — R a2 a1 5,
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HIMIZ A 7 HbE 25 | X3, ZORDORFEIX, 7y T B —REEL TOA 5B NS
IRl ZEEIL TD,

3. ALN—=ZZBWTIL, LDBIE (BN EHE L T2 2 DDA/ N—Z DIZFE) 2 I7E L, 1FHDIEIEAS
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[X] DESN 8 Variability-Induced Failure Rates for Three Canonical Circuit Types
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ﬂ@"éﬁ FRT/RT) THY, Y il iﬁlﬁaﬁﬁéfi%é XA AL 3572912, 32nm, 22nmij:UlGnm
/— IZBIT57yF BLUV SRAM OEZIABMIEDFE RO I AR LT, FERNG, BIRELILT Y F Ol
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[X] DESN 9 Power Supply-Dependent Failure Rates for Three Canonical Circuit Types
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DESN10 (Z DFM (28T DI ERIRR SR 2R L CTUD,

o KRR B HIGIRIC A LR — ~ A7 E LI G AT BN 2 A SN T 5720
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T F7 1 HIRDEEEIZH IS T AR — VT TT7 A PNRI= EEREEI DT, ITRS 13
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T AFFNR S LT AR E 7R B A DS L FEE 725, ZIVHDHEANIL, B2 (Y — /N EFRE7m—73
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FULTeAZ H =R NRLaT ol | Bat B RRR O B BEHR L0,

VRN FRILIZE0, (BIZIE, ZA TN C) IED D& A RS FTI ORISR NS LT, 7%
7 0 — 2R OFFHOFIEOM AL, LRIO FRIEZOHIEEILTODN, M EHTHTHA), [FIFFZ,
FORER T, FIEO BB Z A bW CRINGIICE S0 | Sk S/ e B pE 5 Fl O Rk
T D—EEL TSN T2V 7T 7 % BEETHTET D DEM HIMIFIALBERS DI o7e3,
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Frst Year of IC Production 2011 | 2012 | 2013 | 2014 | 2015 [ 2016 | 2017 [ 2018 | 2019 [ 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026

Tools that account for mask cost in their
algorithms

RET tools that are aware of circuit metrics
(timing, power)

Radically-restricted rules (grid-like layouts,
no diagonals, etc.)

Statistical analysis and optimization tools
and flows (Vdd, T, Vth)

Statistical leakage analysis and
optimization tools

Architectures resistant to variability
(redundancy, ECC)

Adaptable and redundant circuits

Post-tapeout RET interacting with
synthesis, timing, P&R

Model-based physical verification

Model-based physical synthesis

Manufacturing-friendly design rules,
including Radically Restricted Rules

Litho-friendly (router-friendly) standard
cells

Tools that consider both systematic and
random vield loss

3D and integration of high-quality
regulators and inductors

Fin-fets and thin-body-soi-fets

Extreme ultraviolet lithography

Thislegend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.
Research Required
Development Underway
Qualification / Pre-Production
Continuous Improvement

/X DESN 10 Design for Manufacturability Potential Solutions
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Z DESN 12 Correspondence between Design for Manufacturability Requirements and Solutions
Solution Explanation of the Correspondence
Mask cost Tools that account for mask cost in their algorithms | Obvious

RDRs (grid-like layouts, no diagonals, etc.)

Better manufacturability and yield, less mask complexity

RET tools aware of circuit metrics (timing, power)

More effective optimization, fewer design iterations

Statistical leakage analysis and optimization tools

Estimation and control of soaring leakage variability

Post-tapeout RET interacting with synthesis,
timing, P&R

By interacting with earlier-in-the-flow EDA tools, can
more effectively address litho issues

Model-based physical verification

Can address litho issues with precision

Model-based physical synthesis

Explicit litho model-based approach moves into the
physical synthesis toolset

Manufacturing-friendly design rules (hard rules)

Reduces mask, manufacturing cost; addresses printability

% Ve variability seen in
on-chip circuits

Tools that account for mask cost in their algorithms

Obvious

RDRs (grid-like layouts, no diagonals, etc.)

Better manufacturability and yield, less mask complexity

RET tools aware of circuit metrics (timing, power)

More effective optimization, fewer design iterations

Statistical leakage analysis and optimization tools

Estimation and control of soaring leakage variability

Post-tapeout RET interacting with synthesis,
timing, P&R

By interacting with earlier-in-the-flow EDA tools, can
more effectively address litho issues

Model-based physical verification

Can address litho issues with precision

Model-based physical synthesis

Explicit litho model-based approach moves into the
physical synthesis toolset

3D integration of high-quality
insulators

regulators,

Improves power delivery problem

% Va variability (doping
variability impact)

Statistical analysis, opt tools and flows (Vs T, Vi)

Better estimate of variability impact reduces overdesign

FinFETs and ultra thin-body SOI FETs

Lowers outlook of % Vix variability by a factor of 2 to 3

% Vi variability
Includes all sources

Statistical analysis, opt tools and flows (Vas, T, Vi)

Better estimate of variability impact reduces overdesign

Adaptable and redundant circuits

Inherent circuit robustness to variability

Statistical leakage analysis and optimization tools

Estimation and control of soaring leakage variability.

FinFETs and ultra thin-body SOI FETs

Lowers outlook of % Vi variability by a factor of 2 to 3

% CD variability RET tools aware of circuit metrics (timing, power) More effective optimization, fewer design iterations
RDRs (grid-like layouts, no diagonals, etc.) Better manufacturability and yield, less mask complexity
Adaptable and redundant circuits Inherent circuit robustness to variability
Leakage power variability will soar. Statistical leakage
Statistical leakage analysis and optimization tools tools are critical to estimate and control it.
Post-tapeout RET interacting with synthesis, | By interacting with earlier-in-the-flow EDA tools, can
timing, P&R more effectively address litho issues
Model-based physical verification Can address litho issues with precision
Explicit litho model-based approach moves into the
Model-based physical synthesis physical synthesis toolset
Manufacturing-friendly design rules (hard rules) Reduces mask, manufacturing cost; addresses printability
Extreme ultraviolet (EUV) lithography Reduces critical dimension variability
Cireuit performance ‘ Routing-ﬁigndly rules' reduce design, mask, and
variability (gates and wires) Router-friendly standard ceﬂs ' manufacturmg complexity .
Adaptable and redundant circuits Inherent circuit robustness to variability
Circuit power variability Adaptable and redundant circuits Inherent circuit robustness to variability
(gates and wires) Statistical leakage analysis and optimization tools Estimation and control of soaring leakage variability.
Post-tapeout RET interacting with synthesis, | By interacting with earlier-in-the-flow EDA tools, can
timing, P&R more effectively address litho issues
Model-based physical verification Can address litho issues with precision
Explicit litho model-based approach moves into the
Model-based physical synthesis physical synthesis toolset
Manufacturing-friendly design rules (hard rules) Reduces mask, manufacturing cost; addresses printability
Routing-friendly rules reduce design, mask, and
Router-friendly standard cells manufacturing complexity
3D integration of high-quality regulators, | Improves power delivery
insulators
FinFETs and ultra thin-body SOI FETs Lowers outlook of % Vi variability by a factor of 2 to 3
Circuit  leakage  power | FinFETSs and ultra thin-body SOI FETs Lowers outlook of % Vin variability by a factor of 2 to 3
variability (gates and wires)
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%14k, (More than Moore) D434

L= T RUPEREL I — T I PESE T T Dk NS T D R L o R AN RO TR 2 AR o AL B
T D70, RFED 5 DO EEI T a NG LT SRR A &l 2r—Y 7 (geometric scaling)
CEARA—Y 7 (equivalent scaling) * ., 38K BREZ AR (functional diversification)’ o 3 > 772
(2oL, 2 DR RZ K DESN1L IZRT,

60%

50%

40% A

M Geoscaling
30% 1

M Equivalent scaling

HFunctional diversification

20% +
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0% A

SYSTEM LEVEL VERIFICATION

[X] DESN 11 Moore and Non-Moore Design Technology Improvements

ZORATRTENC, BREFOFNERE, S ENT AT AL~V ECIE . BEEED AR LA BER IC 3B
DR DB et K& A 5.2 CD, 2L T, BRRIDMEA T, ZOMBREDOL ~LMEL /2 DI12o
N, A — ) o SRR TR W 2 A — ) o T MR > TR ER AR 5.2 5, ZOZ8T, BIEDH
FHORYFEEAL TS, T78bb, D)REHIHIDT AT AL~ E D BRI TIL, a7, 777
I A, BT RDNBIEL TVD, 7, 2B E I OHIRE DB TlL, &7 ay ZIZRICAAT DL AT IR
[ERIC ARSI, 1T EEBSN Y — VST E M AT 22D,

Tharg AR TV, RF ¥A @ DT(Design Technology )D& A & 3RE

Thar Ry A7 VB O RF [EIE (AMSRF [B1#) 1%, 7 U2V RIRE SR CTRR-> TS, T4
VAR, ERSNT-# O EEL -~V OB TS NVOHIK E b lE & A T0d, Evhd 2 5
DIRFE( "N (VD - A RFERAE) & "a—"(Vss + JARFFRA) VA I Z L > TR BTV
%o Fiz, FHIEKIZIBWTL, B AL -YVUEBERRF O AZ A (BIZIX, 7ay -2y P7el) LLTO
ARIREIND, — 7, AMSRF B GRS 725 BT, B CHOIEE IS E\ RS E DIEIEE 72D, Lz
NoCL AEOIEELME . /AR FERT T ARG A—ZD TSSO LH 7 IR T . 7 0/ IRF
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FHEAT D FE B FREIZ OV R D,

/\7%%//?%7%&@%/?@AMSRF7 2y DTz —g — Ral—ar NAMSREEIEFREED T
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IE BT Vo 7o VAR Z RN D BB E TV 7 IR OWTEBRN T, sxaHEE 1L, €7 b7
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Z& DESN 13

Required Simulation Models for AMSRF Design

Available

Required Immediately

Required As Soon As Possible

Transistor models

Parameterized behavorial models of oscillators,
mixers, low-noise amplifiers, etc, which are

Parameterized behavioral models of phase-locked
loops, A/D and D/A converters, receiver front

Transistor-level models of op-amps, oscillators,
mixers, low-noise amplifiers

pin-compatible with corresponding transistor-level
models

ends, etc.
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7T DA ST A—Z FREH O AMSRF RIS 7 vy 7 HEIRINZS a2l —2a T 57O DERT AT
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TR EHIPE R T 0 —F 2D, ZOZE T2 — i a Y — NI RSN HIUE AR B, /NS
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Ral—aEHEND NI U ASRLEDMOET VN, R EFOFESCRENCE Lo HE
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o BRIV LMD FEEG

o HEBI B AT T NT T — BES ) R A G
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BHHET, D) 7o EENCERELH-2 TLEN LT LLE LI O T o7, /A7 —1 D
CMOS 77/ayTld, BHX v ) T L —2al ROMIET L DU WA kAL ATRE Ch DT8O, EEARRIZ2 T
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Y ADREHN, A HBITNE 2D THAIRIUTH UERR T DHENDHY, FLOWRIBEZDIENZ A ZKTL
THLER: ALV AR L2 U D72\, 20 BEEZ T 5701372 TCAD v I=zl—i3
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DNRTIENDHD,  BEEE, BTV o7y alb—va it BEEVOTFRESEEY Ok
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REHE DOBUSO L RI=T 7 /0%, TAA AT T N RTA—Z (@b g BSIM 5 /LD 5D
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ZOTL—LT—TlE BTV T a AT FORTEDEND,
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[X] DESN 13 Simplified Electronics Product Development Cost Mode
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# DESN 14 Design Technology Improvements and Impact on Designer Productivity
DT Improvement Year Productivity Delta Productivity Cost Component Description of Improvement
(Gates/Year/Designer) Affected
None 1990 4K HW
In-House Place and Route 1993 38.90% 555K HW PD Integration Automated block placement and routing, transferred
from the semiconductor house to the design team
Tall-Thin Engineer 1995 63.60% 9.09K HW Chipfcircuit/PD Engineer capable of pursuing all required tasks to
verification complete a design block, from RTL to GDSII
Reuse—Small Blocks 1997 340% 40K HW Circuit/PD Blocks from 2,500-74,999 gates
verification
Reuse—Large Blocks 1999 38.90% 56K HW Chip/circuit/PD Blocks from 75,000-1M gates
integration
verification
1C Implementation Suite 2001 63.60% 91K HW, 87K SW Chipfcircuit/PD Tightly integrated tool set that goes from RTL synthesis
integration to GDSI| through IC place and route
EDA support
RTL Functional \erification 2003 37.50% 125K HW, 87K SW SW development Tightly integrated RTL verification tool suite including
Tool Suite verification all simulators and formal tools needed to complete the
verification process
Transactional Modeling 2005 60% 200K HW, 250K SW SW development Level above RTL, including both HW and SW design
verification and consisting of behavioral (where the system function
has not been partitioned) and architectural (where HW
and SW are identified and handed off to design teams)
levels
\ery Large Block Reuse 2007 200% 600K HW, 323K SW Chipfcircuit/PD verification | Blocks >1M gates; intellectual-property cores
Homogeneous Parallel 2009 100% HW, 100% SW 1200K HW, 646K SW Chip/circuit/PD designand | Many identical cores provide specialized processing
Processing verification around a main processor, enabling performance, power
efficiency, and high reuse
Software Virtual Prototype 2011 300% SW 1200K HW, 2584K SW SW development Virtualization tools used to allow development prior to
completed silicon
Intelligent Testbench 2012 37.5% HW 1650K HW, 2584K SW System design and Like RTL verification tool suite, but also with
verification automation of the verification partitioning step
Reusable Platform Blocks 2013 200% HW, 100% SW 4949K HW, 5168K SW Chip/circuit/PD verification | Fully functional platforms used as a block in larger
platform design (e.g., ARM in OMAP)
Silicon Virtual Prototype 2015 100% HW 9897K HW, 5168K SW System design and A hardware virtualization platform that enables an RTL
verification handoff of aSOC
Heterogeneous (AMP) Parallel 2017 100% HW, 100% SW 19794K HW, 10336K SW SW development Many specialized cores provide processing around a
Processing verification main processor, which allows for performance, power
efficiency, and high reuse
Many-Core SW Development 2019 60% SW 19794K HW, 16537K SW SW development Enables compilation and SW development in highly
Tools parallel processing SOCs
Concurrent Memory 2021 100% SW 19794K HW, 33074K SW SW development Memories capable of on-chip memory management
System-Level Design 2023 60% HW, 37.5% SW 31671K HW, 45476K SW System design and Automates true system design on- and off-chip for the
Automation (SDA) verification first time, including electronic, mechanical and other
heterogeneous technologies
Executable Specification 2025 200% HW,200% SW | 95013K HW, 136429K SW System design and Describes the system specification in a manner that
verification allows automated design and validation
Total 7920% HW, 21119%
SW
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& DESN 15 Low-Power Design Technology Improvements and Impact on Dynamic and Static Power

DT Improvement Year Dynamic Power Static Power Description of Improvements
Improvement Improvement
& &

Low Power Physical Libraries 1.50 1.50 Optimizing transistor size, layout style
and cell topology for the standard-cell
library

Back Biasing 1.00 1.35 Biasing wells of devices independently of
the sources to shift the threshold voltage

Adaptive Body Biasing (ABB) 1.20 2.00 Delivering a positive or negative voltage
below a transistor to reduce leakage

Power Gating 0.90 10.00 Turning off the power supplies to idle
blocks for leakage reduction
Dynamic Voltage/Frequency Scaling 1.50 1.00 Dynamic management of supply voltage
(DVFS) and operating frequency for power
reduction

Multilevel Cache Architecture Before 2011 1.00 1.20 Reduce amount of off-chip memory
accesses for performance improvement
and power reduction

Hardware Multithreading 1.00 1.30 Using multithreads to improve hardware
utilization with leakage reduction
Hardware Virtualization 1.00 1.20 Using one physical server to support
multiple guest operating systems
simultaneously
Superscalar Architecture 1.00 2.00 Parallel instruction issue and execution
for performance improvement and power
reduction
Symmetric Multiple Processing (SMP) 1.50 1.00 Lowering the frequency by using
multiple  processors and  parallel
programing
Software Virtual Prototype 2011 1.23 1.20 Virtualization tools to allow the
programmer to develop software prior to
silicon
Frequency Islands 2013 1.26 1.00 Designing blocks that operate at different
frequencies
Near-Threshold Computing 2015 1.23 0.80 Lowering Vdd to 400 - 500 mV
Hardware/Software Co-Partitioning 2017 1.18 1.00 Hardware/software partitioning at the
behavioral level based on power
Heterogeneous Parallel Processing (AMP) 2019 1.18 1.00 Using multiple types of processors in a
parallel computing architecture
Many Core Software Development Tools 2021 1.20 1.00 Using multiple types of processors in a
parallel computing architecture
Power-Aware Software 2023 1.21 1.00 Developing  software using power
consumption as a parameter
Asynchronous Design 2025 1.21 1.00 Non-clock driven design
Total 4.66 0.96
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Z DESN 16 Three Phases of Design Product Maturity and Design Challenges on 3DIC
2011 -2013 2013 -2017 2017-2020
Interposers %‘Z.;OW tightly  integrated  with Mulltiscale heterogeneous 3D
3D Technologies Homogeneous silicon stack Optimized 3D subsystems
Monolithic 3DICs
Exemplar Product(s) | DRAM stack Mobile memory-on-logic FExascale compute node
Yield enhancement Significant power savings Highly integrated systems
Product Advantages Viiniaturization Bandwidth enhancement, especially Solve the memory wall
to 2-4 DRAMs .
Cost-optimized systems
Design Challenges
, . . . . . Heterogeneous system optimization — system
Farly Design | Chip-package codesign with | Thermal-driven foorplanning, = . .
(Pathfinding) Interposers including transients p ]anmng, costs thermal and power  delivery
cooptimization
Transient thermal prediction to 5 deg . ..
Thermal & Stress TSV stress design rules C accuracy: Total chip-package stress Transient - thermal - prediction to 1 deg C
control accuracy
. . . Power integrity and IR drop with . .
Power Delivery Power Integrity with interposers and TSVe to 10 mV quoverbead power delivery of 100+ Amps
Interposers with 10 mV accuracy
accuracy
,Chlp ackage design Chip-package and chipchip design | Interchange of complex tradeoffs including
Standards and | Interchange for power and | - . . .
. . . Interchange to permit 5 deg C and 10 | heterogeneous die and multiple package
Formats signal mtegrity and thermal .
. mV accuracy solutions
design
Optimized test flow and yield
Test and  Yield g;:: Zggement IZS t_;f%;gl}; Z];i ZHZ’;;H :?sﬁ ]oﬂzv;,n ;ij . ijj Optimized test flow and yield management
Management ’ v B s 4 ‘heterogeneous systems of > 10 die

interposer testing at < 10
micron pitch

chip stacks
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